showed the following: pain, 3.7 6 1.6 versus 6.2 6 1.4 arbitrary units, P , 0.001; flexion angle, 46 6 20.7 versus 12.7 6 6.0 degrees, P , 0.001; extension angle, 22.5 versus 23.8 degrees, P , 0.001. At 8 weeks, the following was demonstrated: pain, 1.3 6 1.6 versus 4.1 6 2.1 arbitrary units, P , 0.001; flexion angle, 87 6 17.3 versus 34 6 26 degrees, P , 0.001; extension angle, 0 versus 23 degrees, P , 0.001. Surgical time was 35.3 6 7.8 versus 66.2 6 14.1 minutes, P , 0.001. KSCRS assessment was 84 6 4 versus 70 6 8, P , 0.001 at 8 weeks; 85 6 2 versus 73 6 8, P , 0.001 at 12 months; and 85 6 1 versus 82 6 7, P = 0.246 at 24 months. Frequency of total complications (infections, fragment displacement, and wire-related pain) was significantly lower in the PPOS than in the open-surgery group (P , 0.02).
INTRODUCTION
Patella fractures account for 1% of all musculoskeletal system fractures. 1 Surgical treatment is recommended when fragment displacement is .2-3 mm or when there is joint incongruency. 2 The objectives of surgical treatment include preservation of the kneecap to the greatest possible extent, precise anatomic reduction of the joint surface by stable fixation, and restoration of the knee-extensor mechanism, thus allowing early mobilization. 3, 4 The usual surgical intervention is carried out through an incision sufficient for fracture and joint-surface visualization. Wide surgical incisions are associated with a higher probability of postoperative adhesions, 5 prolonged disability for work, and complications. 6 In contrast, percutaneous (p.c.) surgical techniques preserve the vascular supply of patellar fragments, which may improve fracture consolidation. However, this treatment is technically demanding and not applicable to all fracture patterns. 7 To reduce the difficulty of the p.c. technique, we designed a system that maintains patellar fragment stability and provides a guide to obtain a more exact Kirschner wire (K-wire) placement in any configuration, thus improving the osteosynthesis technique and providing better functional joint response. The objective of the present study was to compare the p.c. patellar osteosynthesis system (PPOS) technique with open surgery (OS) with reference to pain, surgical time, and knee-joint function in the postoperative period. The hypothesis was that the PPOS would exhibit a better performance regarding surgical time, pain, mobility angles, functional score, and fewer complications than OS.
PATIENTS AND METHODS

Study Groups and Randomization
One hundred two patients with patellar fractures were referred to our tertiary-level referral center from March 2000 to May 2002. Fifty-three of these were included in the study; the remaining 49 patients were excluded from the study for the following reasons: 21 patients presented with nondisplaced patellar fractures and did not undergo surgery; eight patients did not wish to participate in the study; and 20 patients did not meet inclusion criteria. Inclusion criteria included age .16, clinical and x-ray evidence of a patella fracture displaced .3 mm, a clinical course of ,48 hours, and subject's agreement to participate in the study after providing informed consent. Exclusion criteria included comminuted or multifragmented fractures, previous chronic degenerative joint disease, uncompensated diabetes, previous knee-surgical interventions, exposed fractures, polyfractures (two or more fractures involving any limb or bone), cranioencephalic trauma, severe osteopenia, peripheral neural damage, alcoholism, and drug abuse. Twenty-seven patients were randomly assigned to the PPOS technique, and 26 patients were scheduled by means of a sealed-envelope procedure for OS. The protocol was approved by the institutional review board, and all patients signed an informed consent form.
PPOS Surgical Technique
All surgical interventions in the PPOS group were performed by the same two surgeons (DLP and FA). The patient was placed in the supine position under spinal anesthesia. After preparation and draping, a nonsterilized pneumatic tourniquet was inflated to 250 6 30 mm Hg. An incision of 5 6 2 mm was then made at the superior-lateral border of the patella to reach the intracapsular region through a superior-lateral portal (Fig. 1A) , using that incision initially to drain the intra-articular hematoma (Fig. 1B) . A similar incision was performed at the level of the lateral patellar border and the lower pole, which constituted the inferior-lateral portal (Fig. 1C) . Two guided 4.0-mm Steinman pins were introduced through the quadriceps and patellar tendons with the medialskin exit site constituting the superior-medial and inferiormedial portals (Fig 1D) . The limb was then placed in extension, and reduction of the fragments was accomplished by manipulating the pins (Fig. 1E) . When the fragments were reduced, the PPOS was placed by means of its four fixation points through the lateral and medial portals and under the Steinman pins (Fig. 1F) . The system was closed by manual compression to maintain the stability of the fragments A hemostat clamp was then introduced through the superiorlateral portal to verify surface articular congruence ( Fig. 2A) . When articular congruence was considered satisfactory, the Steinman pins were removed and the knee was placed in 30 or 40 degrees of flexion. Two vertically oriented parallel 1.5-mm K-wires were then placed p.c through the sliding guides of the system through the patellar fracture and the fragments from proximal to distal (Fig. 2B) . K-wire placements and articular congruence were then verified by plain x-rays (Fig. 2C) , and the PPOS was removed. A wire was then placed in a ''figureof-eight'' configuration by introducing a 1.2 wire through the inferior-lateral portal toward the inferior-medial portal under the K-wires (Fig. 2D) . The knee was then placed in extension, and the wire was reintroduced through the inferior-medial portal toward the superior-lateral portal (Fig. 2E) . The knee was again extended, and the wire was reintroduced through the inferior-lateral portal toward the superior-medial portal under the skin and over the patella The knee was again placed in flexion, and the wire was reintroduced through the superiormedial portal toward the superior-lateral portal under the K-wires, closing with an s.c. twist-tight knot touching the bone surface (Fig. 2F ). K-wires were bent proximally to form a hook and interiorized subcutaneous (s.c.) by distal traction until the hooks touched the bone surface (Fig. 3A) . The K-wires were then cut at the distal end, with the knee in maximal flexion (Fig. 3B) . The four portals were closed with nonabsorbable suture (Fig. 3C) . Placement of the K-wires and the tension-band placement was verified by anteroposterior (AP) (Fig. 3D ) and lateral ( Fig. 3E) x-ray view. A Jones dressing was left in place.
Open Surgery
Surgical interventions in the patients of this group were performed by two teams of two surgeons each. Neither of the two surgeons who participated in the PPOS group was a member of the OS teams. The customary OS technique, as described elsewhere, 8, 9 was used.
Measurements
All fractures were classified according to the Orthopaedic Trauma Association fracture classification. 10 All patients from both groups initiated physical therapy and rehabilitation 12 hours after conclusion of the surgical procedure; these comprised isometric and isotonic contractions of the quadriceps muscle for 30 minutes, four times a day. After patient discharge from the hospital, the same standardized rehabilitation home program was prescribed for patients in both groups. The dressing was removed at the third postoperative day; no immobilization was used. Intravenous analgesics such as ketorolac (30 mg three times a day) and antiinflammatory drugs such as diclofenac (75 mg twice daily) were used while patients remained hospitalized. After patient discharge, oral analgesics and antiinflammatory drugs such as paracetamol (750 mg three times a day) and diclofenac (100 mg twice daily) were used. Clinical evaluation of the wound and suture removal was conducted at the 10th postoperative day. Visits were scheduled at 4 and 8 weeks and at 12 and 24 months postsurgery. Pain was measured by a visual analog scale at 4 and 8 weeks using a scale from 0 (no pain) to 10 (the most intense pain). Active flexion and extension of the knee were measured in degrees by goniometry at weeks 4 and 8 by two independent observers (a rehabilitation specialist and an orthopedic surgeon, neither of whom had participated in the surgical procedure). The evaluation was not blinded because the surgical incision allowed the assessors to identify the group to which the patients belonged. Knee functionality was determined by the Knee Society Clinical Rating Scale (KSCRS) 11 at week 8 and at months 12 and 24, as follows; ,60 points, poor; 60269 points, fair; 70284 points, good, and 852100 points, excellent. 
Statistical Methods
A Mann-Whitney U test was used to compare quantitative variables between two groups, and a KruskallWallis test was used to compare quantitative variables among three or more groups. These nonparametrical statistical tests were chosen because our variables were nonnormally distributed. To compare frequency distributions of nonquantitative variables in the two groups, x 2 with continuity correction (2 3 2 tables), x 2 , or Fisher exact tests were employed as indicated. All statistical analyses were done with SPSS software for Windows version 10 (Chicago, IL). Relative risk reduction for categorical variables was also calculated. In the hypothesis tests, P values of less than 0.05 were considered statistically significant.
RESULTS
Some characteristics of the total study population and the two randomized groups are shown in Table 1 . There were no statistically significant differences between the groups regarding gender and age distributions, weight, height, fracture type, or the mechanism of injury. Although two thirds of the fractures occurred in the left patella, there were not differences between the groups regarding side distribution.
Postoperative pain at 4 and 8 weeks was significantly greater in the OS group than in the PPOS group ( Table 2 ). The operative time used for OS nearly doubled that required for the PPOS technique (Table 2 ). Flexion and extension angles were better in the PPOS group both at 4 and 8 weeks (Table 2) . KSCRS was significantly higher in the PPOS group than in the OS group. All 53 patients were evaluated at 8 weeks (Table 2) . This difference persisted at the 12-month evaluation; however, only 46 patients (23 from each group) were available for this evaluation. At 24 months, there was no statistical significance between the two groups; 45 patients (23 from the PPOS group and 22 from the OS group) were available for evaluation after 24 months (Table 2) .
Pain perception tended to be higher in females than in males irrespective of group (visual analog scale score at 8 weeks, 3.7 6 2 versus 2.2 6 1.3); nonetheless, this There were no gender differences in the KSCRS at 12 months (79 6 9 in males versus 78 6 8 in females, P = 0.095). Frequency of complications (infections, free fragments, and painful hardware) was significantly lower in the PPOS than in the OS group (P , 0.02) ( Table 2 ). In one of our patients presenting a fracture with three unstable fragments, the central fragment was unreachable by any of the four PPOS fixation points, and it was not possible for us to reduce it by manipulating the Steinman pins. Thus, a 1-cm prolongation of the superior-lateral portal had to be performed to reduce the fracture digitally. Absolute risk reduction of total complications (X-Y) was 16%, whereas relative risk reduction of total complications (1 2 [Y/X] 3 100) was 61% lower in the PPOS group. Eight weeks after the surgical procedure, five patients (9%) in the PPOS group and nine patients (17%) in the OS group had undergone hardware removal (P = 0.19). Twentyfour months after the surgical procedure, 17 patients in the PPOS group and 18 patients in the OS group had undergone hardware removal (P . 0.05). Both K-wires and the wire in the figure-of-eight configuration were removed under anesthesia in the operating room. In all cases, hardware removal was indicated by pain or s.c. irritation.
DISCUSSION
We present herein a modification of the p.c. wiring technique for patellar fracture treatment with the aid of a device (PPOS) designed by one of our group (DLP).
The device was designed with the goal of allowing mobilization of the knee joint during fracture-reduction surgery without displacing reduced patellar fragments while facilitating appropriate placement of parallel K-wires. We compared this technique with the customary OS approach by a randomized controlled trial.
The use of the PPOS reduced surgical time and was associated with less pain at 4 and 8 weeks after the operation and with better knee function at 8 weeks and 12 months after the procedure, compared with patients undergoing OS. However, the difference in knee function disappeared at the FIGURE 2. A, The percutaneous patellar osteosynthesis system (PPOS) was closed by manual compression. A hemostatic clamp was introduced to verify articular surface congruence. B, Kirschner wires (K-wires) were placed percutaneously through the sliding guides of the PPOS from proximal to distal. C, Articular congruence was verified by radiography. D, A 1.2 wire was introduced through the inferior-lateral portal toward the inferior-medial portal. E, The wire was reintroduced through the inferior-medial portal toward the superior-lateral portal. F, The ''figure-of-eight'' configuration was completed by reintroducing the wire through the inferior-lateral portal toward the superior-medial portal under the skin and over the patella, then the wire was reintroduced through the superior-medial portal toward the superior-lateral portal under the K-wires and closed with a subcutaneous (s.c.) twisttight knot.
24-month evaluation. Use of the PPOS technique was also associated with a lower frequency of complications such as infections, free fragments, and painful hardware (P = 0.02).
The randomization procedure was successful because the selected measured variables were not different between the groups at baseline. However, there was a higher proportion of males in the PPOS than in the OS group. Also, in the PPOS group there were twice as many individuals in the middle-age range as in the lower-age range, whereas in the OS group this age distribution was reversed. Nevertheless, it appears unlikely that these statistically nonsignificant differences of age and gender distributions between groups may have influenced the results; there were no differences when we compared pain and knee function by age and by gender.
A stable internal fixation with a less painful technique theoretically allows initiation of earlier rehabilitation, which, in turn, can prevent posttraumatic arthritis, chronic joint pain, joint adhesions, ankylosis, and muscular atrophy 2, [12] [13] [14] [15] [16] ; notwithstanding this, we did not specifically measure whether there was significantly earlier rehabilitation in the PPOS group. Measurements of decreased pain, increased motion, and knee function at 4 and 8 weeks postoperatively in the PPOS group indirectly points toward that conclusion. However, the KSCRS showed no significant difference between the two groups at the 2-year follow-up.
During the 8-12 weeks required for fracture consolidation, the internal fixation system will undergo approximately 100,000 tension cycles, 13, 17 and the extensor apparatus will receive forces of magnitudes up to 3000 N, or 7.6 times body weight during stair climbing. 18 Therefore, a fixation method capable of transforming traction into compressive forces with the greatest possible precision to avoid rupture or failure is required. 8 Several fixation methods have been compared in biomechanical tests. 9, [19] [20] [21] [22] The modified tension band has been considered a better choice than the anterior simple cerclage. 4, 8, 9, [23] [24] [25] [26] The modified tension band was the method chosen in the present study.
The reported advantages of the p.c. fixation technique in noncomparative studies include avoidance of extended incisions, preservation of the blood supply to the patella, and the lesser requirement of arthrotomy. 5, 7, 27, 28 Disadvantages of the p.c. fixation method include its technical difficulty, uncertainty about the behavior of the fragments after the reduction, and unparallel placement of the K-wires. 7, 29 The majority of these problems can be successfully resolved with use of the PPOS. The customary technique for reducing patellar fragments employs a clamp that has only two fixation points. To the contrary, PPOS has four fixation points, allowing better fracture reduction and stabilization.
The PPOS device was not used in any case in the OS group. The extent to which the observed benefits in the PPOS group were attributable to smaller skin incisions, shorter surgical time, or to other factors cannot be clarified by our study.
The PPOS may have limited applicability in comminuted or multifragmented fractures. All patients received verification of their reduced joint-surface congruence by x-ray during the surgical procedure.
The present study has several limitations. First, this is a single-center trial. Moreover, all surgical interventions in the PPOS group were performed by a two-member surgical team; therefore, performance of the PPOS when used by others remains to be tested. Additionally, the system's learning curve cannot be explored with this design. PPOS dimensions were established after measuring the anatomical size of 120 patellae in Mexican subjects; therefore, systems intended to be used in different populations may have to be designed with different specifications.
The main limitation for the present study's internal validity is that the study was conducted with an open-label design. The two procedures being compared are so different that it is virtually impossible to design a blinded study. Nonetheless, although blinding may be impossible, it should be remembered that its absence may remain a cause of bias.
In conclusion, statistically significant findings using the PPOS included reduced surgical time, less pain at 4 and 
